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P RE fA C.E:
There are numerous :echnical publicAtikns that deal with both the theo)ry and practical

use of explosives. Reports are available that furnish data gathered from research study and I
tests of the many agents and their propertiti categorized as explosives. In general, a broad
knowledge of the sciences and engineering. principles is neem-Lary to appreciate and under-
stand these publications. Many of them deal with theory and scientific terms above the
knowledgeable level of the layman, even above the level of those frequently required to han-
dle explosives and propellants. This is to be expected as the manufacture of explosives has
become a highly technical and scientific endeavor, and latest developments have come from
highly technical minds.

There now appears a need for an intermediate publication u.zable bT Air Force person-
nel engaged in explosives activity at installation level who have not had opportunity for
higher study. With this in view, the idea of this handbook was conc. ved. It is hoped that
it will fill at least a partial need of those who: have eikperienced difeculty in finding easily
understood terminology and understanding of -the basic facts about the explosive items they
handle. It is desired also that this publication lend itself to a better understanding and
appreciation for the many safety rules and precautions in effect and induce greater cooper-
ation in support of precautions.
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Ground Safety

EXPLOSIVE SAFETY HANDBOOK

The purpwse 'of this pamphlet is ti) provide ready elementary basic fats about explosives,
their ingredients, the hazards they possess, and guidance to workers to ward against
hazards.
This publication shall not be construed to rescind. replace, or supersede any Air Force regu-
lation.- technical order, or manual dealing with* explosives. It is intended to clarify and
augment various terms and requirements found in manuals and technical orders and thus
make them more meaningful. It is further desired to stimulate interest for deeper study into
the properties of propellants and explosiv--s. Without study one cannot hope to keep abreast
or new developments and acquire the knowledge necessary for safe handlingr of future itcms.
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HISTORICAL BACKGROUND

The histiry of man's knowledge and u.e of explosives reaches hack some nine centuries
into early Chinese antiquity: however, there are a number ,'4 missing ehapters in the hi.tory.
For one thing, the discovery date is unknown; for another. cirunsianccs surrounding early
use are legendary: and ,noreover. tti. coi!ntry of origin has never been established with
certainty.

Various attempts have been made through research study of writings of the 14th and
15th centuries to determine above facts, but for reasons of inaccuracies in manuscripts,
errors in translation, and fanciful style of writers in those days, they remain a matter of
conjecture.

One CH.nese "source" alleges that a material that was a forerunner of gunpowder was
invented by the Chinese around the year 10 A.D. Creek writings would have- us- believe
that gunpowder was a development from "Greek fire" used in the defense of Constantinople
in 660 A.D. The earliest authentic use of "powder" or explosives, however, is furnished
by Chinese pictures and writings depicting pyrotechnic devices for amusement around the
year 1000 A.D. This has led to accrediting the Chinese with its discovery or invention.

From the above it can be concluded that the origin and early use of explosives remains
a moot question that likely will never be satisfactorily answered. A reasonable assumption
is that gunpowder came into existence through a series of experiences and incidents occur-
ring in Asiatic countries covering several centuries. A writing by Roget Bacon about the
year 1250 A.D. gives the formula for black powder, therefere we assume by that date its use
was known in Europe.

Some 50 years later. according to tradition. Berthold Schwarz. a German monk and
magician. employed a mixture of saltpeter, sulphur, and charcoal to produce "black magic."
Apparently he exploited its use to the extent that he is credited with the invention of a gun
for using this mixture. It is said that while demonstrating it he blew himself up.

It has been authenticated that he casting of cannons and the training of gunners was
a thriving industry in Central Europe as early as the 14h century, and that opposing forces
used cannons in the Battle of Crecy in 1346. This fact establishes that some form or type
of explosive has been used for more than 600 years.

The use and manufacture of explosives spread from Asia to Europe and later to
America. Through the years all enlightened countries have come to use them in some form
or degree.

For centuries black powder was the principal explosive. It was cheap and easy to make,
the required equipment was simple. raw ingredi.nts were plentiful, technical requirements
were not exacting and the time involved for processing and cure wvas short. Only within the
last 100 years have the large numbler of explosive items come into being which are employed
today, and our present highly sophisticated items have been developed within the last 50
yearx.

Iess than a century ago explosive plant. were small alfairs., employing at most only a
few dozen p~lple, and storage was confinei to a few small magatines. Two World Wars

V11
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,I sucreeding worlI ,*.'entq have ,-h:ang* this. T,,#;iy'i prdi,. ' f~tr'IitiP- .re vast rn.

plexes, employing in rr,,ay taeq tevoral thimizanu People, aritt joroduc~tion output f(Mel.nk
hundredn of acre- f,,r %torag,-. All this mti t he %taplotrted toy #,xt4.neive Kround, w:.,f-r. andl
air transportation.

To mos t p,,ople the wrd "explo.ive" conn,tes- destruction and unl,,m,,l ilt.tructii,
power; however, ,xplosivs can h,. and are, harnes.d to do worthwhile work and pre,,r.,tA
progres.s. Today large quantities or exploives are u.4e, in excavations., mining, and .imilar
work. Explosive devices are -.,ied for aircraft motor starters, canopy and fuel tank cjft't,,rn.
and for numerous quick acting devicen in industry and commerce. Prpellants, xoth lii!id
and solid, serve as the energy source for driving and guiling today's space vchicl and

may in time enable man to reach other planets. Thus we can see that a nation's use and
application of explosives and explosive devices is closely related to its economic, industrial,
and political status.

Explosives are by niure inherently dangerous and posse-s potentials for sudden de-
struction. Normally, the raw ingredients that go into their manufacture offer hazards to
both persons and property. In some cases the properties and hazards of materials may
change in the course of manufacture, but at no stage can the materials or items be con-
sidered absolutely safe.

As an illustration, we need only ta!'e smokeless powder manufacture. We begin with
a cellulose hydrocarbon (either cotton linters or wood pulp) and bring it in intimate con-
tact with nitric and sulphuric acid. The cellulose is a fire hazard, the acids are toxic and
corrosive. In the coursc of manufacture the acids are spent and washed out; thus the toxic
corrosive agents are removed; however, the fire hazard remains, and is increased as alcohol
and ether are introduced. One is an intoxicating agent, the other is an anesthetic. At this
stage of manufacture, agents are added to stabilize the material and control the burning
rate. These stabilizers are toxic and require sp-cial control measures. It is to be noted that
during all this time, even though some hazardous properties are neutralized or removed, the
fire hazard remains; in fact, it is increased to the extent that the burning rate is so rapid
we call the material an explosive. As the process proceeds through solvent removal, dr3ing,curing, and blending, the fire and explosive hazards remain.

We can see from the above that the manufacturing process is fraught with hazards at
every step; and equipment design, process engineering, and work practices must be rigidly
controlled. The least error or mistake can result in a disaster.

This example is made of a comparatively simple base-grain propellant and does not
introduce many of the hazardous processes and extremely sensitive materials encountered in
the manufacture of initiating compounds such as le.id azide, mercury fulminate, lead styph-
nate, and finely ground black powder. High explosives such as tetryl. TNT, NG, RDX.
and HMX present some hazard at every stage of manufacture and handling.

Until recent years, base-grain propellants such as black and smokeless powder were
divided into fixed amounts and utilized in a gun as a propelling charge for a projective
(bullet or shell). Latest developments have eliminated the need for a gun in many cases.
Presently, the loose powder is further processed into a single large unit called a "rtwket
motor." This processing of base-grain mate,'ial (single cylindrical grains 0.050" x 0.050")
into a single grain rocket motor which may weigh several thousaid pounds has Introduced
many new hazards.

Today man is wrestling with a whole new field of agents catgorially referred to as
explosives. Some are in solid form, some are liquid, others gases, whilo somne change f(iam

viii
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ono-e fo~rm tIo nther in the cumrw (-f' u,4. Main-/ Vow hazardAi of' an extr#'mo rnatzr* re-

quirp m',qt exactinsg protcing tochnieitipn, and are made. in e'xcep-inyly larg" (qiiantitai". A

-tingle present day xolid rocks-t fmtir may cont-sin M~ many A .4wven dfoYr.nt s.xpl.i~i and(
exceow! in ttirnnage all the powfi-r expended in a majoir hattl.. ruririp, ths,. SpmIAan-smms'rican
WVar, Scienti. conatinue the "~rria (t~r insers~'ien'nt that will pro'Y.,t inti fini~h-d it4Fms

having even greater energy per unit weigcht tha-n known tfxiay. yet remain within manuf;.c-
ture and uxe cointrol. Safety in the underlying ct,ntroil tactjr and mu-st he an inti-gral pai t
of pro~cessing. anti u.ne.
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THE FIRST TITAN 11 TO BE FLIGHT TESTED IS SH!OWN ON' ITS LAUNCH[ PAD
AT CAPF KFNPEDY ON 17 FF.IITARY 19(,2. INRtN(PRE-LAkUVCII CIIE(K.
OVT PROCEI'DIVIS. THIS MI!SSILE WAS SUCCESSFULLY TEST F'LOWN ON 14;
MARCH 1961
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Chapter I

INTRODUCTION

1-1. Use orf This Publication, This publication supervision." It behooves each to so inform

is prinarily concerned with the manufacture, himself and work in such a manner that

handling, and transportation of raw ingredi- accidents and resultant injury and property

ents. bulk materials or finished items in the damage will not occur.
explosive or propellant category while in the

hands or control of divisions, cente-s, and 1-3. References and Guides.

contract management regions of the Air AFR 32-20 Responsibilities for Explo-
Force Systems Command. It is applicable to sives Safety Program, and
items that are included in both liquid and AFSC Supplement 1

solid propellants. It applies also to conven- AFR 127-4 Investigating and Report-
tional items, such as small arms, complete ing USAF Accident/Inci-
gun rounds, CAD items, conventional iaitia- dents
tion devices, conventional bursting charges, AFR 136-6 Ammunition and Explosive'
etc. It is directed for use by all persons in- Materiel Quality Assur-
volved with such items whether safety or ance
operational. AFM 32-6 Explosives Safety Manual

1-2. AFSC Po.:cy on Safety. It is Air Force AFM 32-3 Accident Prevention Hnd-

Systems Command management policy to book
provide a wholesome, healthful, and safe en- AFM 160-39 The Handling and Storage

vironment for both military and civilian of Liquid Propellants

personnel. To this end it utilizes established AFR 8" Installation Planning ard

and proven methods for protection of per- Development (Q-D Stahd-
sons from kne,\n hazards insofar as funds

and technological skills permit. It employs .- 4nd i

engineering design wherever practical to Mil-Std-444 Nomenclature and Delini.

provide a safe work environment, but recog- twns in the Ammunition

nizes that engineering design alone will not Area

preclude accidents and injuries. It assumes T.O. IIA-l-20 Ammunition General

its retsponsibility for training workers to T.O. IIA-1-40 Ordnance Safety Manual

rectignize hazards and to work in a safe and ORDNI 7-22 1

efficlent manner. and for providing prntec. T.O. tIC-l-6 General Safety Proctlures
tiv clothing, devices. and techniqu.es to for Missile Liquid Propel.

guard against hazards. It Is management lants
iplicy to rtlUir supervisory personnel to
act I.s it ively to elminiate pt tent i tl Accident The ala t ar, t' moret pertinent Air Force

haa ard!t existi nag ill ope-ationi unlher their exiii,,aiveo tw' t y v iht'.I, and airw' not Int,1 1 ,tld
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Chapter II

TERMINOLOGY AND EXPLANATION OF TERMS

2-1. Explosive* and explosives maferiel. All b. Primary Explosive. A very sensitive
Ammunition, bioloxrical and chemical fillers, explosive composition used in primers. caps.
demolition material, solid rocket motors, or detonators to intiate a single explosion or
solid and liquid propellants, cartridges, pyro- a chain of explosive reactions.
technics. mines, bombs, grenades, warheads c. High Explosive. See paragraph 2-8.
of all type- (excluding nuclear weapons),
explosive elements of ejection and aircrew 2-6. Propellant. A chemical compound or
escape systems, assemblies, kits and devices mechanical mixture which, through burning.
containing explosive material. produces gases at controlled rates that are

used to exert necessary pressure or push to
2-2. Burning. The combustion of a fuel in propel a projectile, missile or other device.
combination with oxygen. usually at supersonic speed.

2-3. Oeflagmation. A very rapid and highly a. Propellants are classified as solids or

destructive burning that approaches explo- liquids according to their physical state. In

sion velocities with proportionate build-up of either state they are composed of a fuel and

hot gas pressures. (It is often difficult to an oxidizer. Normally in solids the fuel and
distingish between deflagration and a low oxidizer are joined and handed as a single
order explosion.) entity, while in liquids they are quite com-

monly retained as separate components until

2-4. Explosion. An explosion is an effect moment of use.
generally resulting from a vigorous chemical b. Propellants are also referred to at times
reaction (e.g., extremely rapid burning) that as single base. double base, and triple base.

suddenly rpleases a large amourt of heat, These terms apply to the composition; single,
gas energy, and pressures at a rate up to referring to a propellant composed of a
2.000 feet per second. It is accompanied by single propelling ingredient: double, to one
a loud report, considerable destructive effect, having two propelling ingredients; and triple.

and probably flying objects. This is to be to one having three. These terms are
differentiated from a rupture of a pressure normally applied to solid propellants made
pipe, tank. or boiler. from organic chemicals.

c. M dified Double Base Propellants are
2-5. Explosive. Any chemical compound or conventional double base explosive composi-
mechanical mixture that, under the influence tions containing 'additionally a composite
of a flame, spArk, or other means, undergows formulatiln.
a sudden chemical chane (decomposition) d. Pnipellants at times are refor'et to as
with the liberation of energy in the form of mIonopruwlellants and bi-propellants. Again,
heat. light, and is accompanied hy it large these terms refer to compotitin. A mono-
volume oif gaites, prpellnt has a single propelling agoot, while

a. Low Explosive. A comustiblo material hl.propelltts have two prpelling (thrust
that d m.sn s rapidly, but does not producing) agents, These terms an- 'vrmnlly
normally detontite or pnipawgate a Ill't'nlatlion. use when sliaking of liqtlut pn tpel lants.

3
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o. l;el pro'"Ilant* a re 'A'ca.6bnallv in the terminal thruxt ',f an 'cpltlvo o.r pro-
,iposktn 14f ais 'rqaniex or ~,m,*~.Or. pIslit. Arn..nir this.e in c'.mmgon u.P are
sranir% are propeilanti composed mainly o~f various eulj. prtm~rq. ifet',nati,rn. and
forganic choemicals queh a" nitrrocellulos*. iWn i te rs.
nitrogliyc.rin, -tc.. the fuel and oxygen Iwing
juinnqi chemically. C,,mpos-ite% are made tif 2-10, Detow. Ar explosi;,- 4evice -w.rii~-
chemicals stuch an ptolystyrene andi ammno- tive to electrical tor mechanical imnpulse. L, -w d
nium perchlorate, joined thr'-gh mixture. to initiate cor Rpt off a larger quantity #,f ex-
Usually they conta~n no nitrated organics, plosives.
such as nitrocellulose or nitroglycerin.

f. An normally used, propellant-i burn ','11. Recket motor- A motor utilizing a 4olid
through a pre-estahlished rate; however, propellant for power source.
most can be made to explode and even deto-
nate. The intermediate ingredients are often 2-12. Reodiet Enginst. A motor utilizing a
explosives. For example, a solid containing liquid (or liquids) propellant ior power
organic intermediates may contain small source.
particle size nitrocellulose, ammnoniumn ni-
trate, nitroglycerin, or other materials which 2-13. Sqib. A small py rotechnic device used
will detonate under certain conditions. to fire the igniter in a rocket, CAD, etc.

2-7. Detonation. A detonation is an ex- 2-14. Extruded Rocket Motors. Roc-ket motors
tremely rapid and violent process with in- are produc.-d by extrusion of solid material
stantaneous release of chemical energy in the under high pressre through dies to formi
form of heat and gas pressures, and is motors of specific size and shape. Normnwlly,
accompanied by a shock wave of velocities the extrusion process is confined to motors
exceeding 2,000 feet per second. It is char- of 10" or less in diameter and not more than
acterized by a sudden disruptive effect evi- 5' in length.
denced by high fragmentation, great shatter-
ng, and generally deep cratering effect. 2-15. Cass Rocket Motors. Motors produced

Oftentimes the shock wave velocity ninges by pouring a slurry, or paste mixture (of 'he
up to 30 and even 50) thousand feet per sec- propellant ingredients), into a mold and cur-
and and may exert pressures up to 4 million ing into a solid grain or motor. Another
psi, method is to fill mold with small pRticle size.

dry propellant, then add a solvent that dis-
2.4. High Explosive. An explosive material solves dry material and causes it to cure into
which, when initiated, releases its energy at a solid unit. These two methods are em-
detonating velocities, hence has great shockt- ployed in the manufacture of large motors.
ing power and bursting strength. Stich mate-
rials are employed in missile warheads. 2-16. Nozzle. The opening through which
shells, demolition bombs, mines, ete. There exhaust gsses escape during the firing of
are a wide variety of such materials havins: rocket motors or engines. Nozzles are de-
various and 'or specific properties; however, signpd to specific size, shape. etc., to givo.
all are chatracterizedi by rapid di-c-omposition maximumn thrust.
rate accompanied bY 0hock and high brisance.
The more common high exploqiv-s in the Air 2-17. Thrwit. The push or force generated by
Force inventory aire: TNT. tetryl, C'omp. B, it propelIlant undler controllutd conditions.
RDX, and .

2-11. Spetufic Impiulsse. Thrust in pounds
2-9. lIiiators. A tlev ice or agenut des i guci to a dividedl by- propel I st, burning rntt' In pou10nds
start a Oingle or chain of atitlon that result per seconudu.

4

4f
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2-19, lot.4 linpulsi.. The thrusqt dfrvei',pod thy 2-30. Guided Missile Trmino~o".
the mioto#r, muitipli..d thy the+,urning time. a.9 ufct~de'M'i.

h,. ASM Ai-ti-Sirfar'-, MisA.4ie
2-20. Rocket, A thru.4t. producing sy.4tem .SM Mz-.n-'Ai isl
cimpopsed (,f motor cs o, prope'llant and! d A i-t-i Lsl
noizzle. It may carry'a guidance sy.'tern and c.W M ateto atrMiie

"pylad"f. AUM Air. o-Ur,derwatr Mtissile
X.SI uraet-Udrae

Z-21. Vertical Test Stand. A stroi fiW Mi. CMssilae--ndrte
structure or insitallation designed to holdl and h. %I UdewtroAi isl
test rocket motors in a vertical position. . USM Underwater-to-Aur Mise

2-22. Horizontal Test Stand. A strong fixed Missile
structure or installation designed to hold and j.--- Missile in exp~erinmental
test rocket motors in a horizontal position. stage

k. -Y- Missile in service tent stage
2-2. JTO.Anabbevi~tiiforthe ~ 1. "Z. Missile is obsolete

jet.JAO a Aine take evat~ fo the termVU Test vehicle
jetassste tae Gf . GAR Guided Aircraft Rocket

2-24. Boaster. The word has three meanings o. CAMI Guided Aircraft Missile

in explosive terminology: p. TM1 Tactical "Missile
a. hefist tae f aroke mooror q. SM Strategic Missile
a. hefist tae f aroke mooror r. IMN Interceptor Missile

engine.
b. JATO aircraft units. 2-31. CAD. Cartridge-Actuated-Device is a
c. Intermediate explosive charge between small packaged device des'gned to perform a

the -detonator and bursting charge in a bomb, specific function. It is composed of a metal
shall or similar device. (usually) case which contaics art initiator

and actuator.
2-25. Sustainer. The second or successive
stages of a motor that provides sustained 2-32. HE. An abbrevation for high explosive.
momentum to the missile and carries it on
towvard the target. 2-33. 1411. An abbreviation for high explo-

sive incendiary.
2-26. let. The exhaust stream of gases
through a pre-established nozzle, or the rapid 2-U4. Warhead. The portion of a shell or
flow of fluid through a small opening. missile useful against a target; normally the

case, firing device, and filler (explosive, in-
2-27. Jet Motor. A motor that provides for- cendiary, or chemical agent).
ward priopulsive force by producing rear-
ward ejected gases. 2-3S. Round of Ammunition. A complete unit

of ammunition composed of case, initiator-
2-28. Jet Horsepower. The horsepower pro- igniter, propellant and projectile (warhead).
duced by the rearward thrust of a jet engine The term is usually applied to a round fireil
or motor. It is it product of the volume of in at gun or a complete missile.
fuel times the burning rate.

2-36~. Pyrotechnic. A mild hitrniliv.explsive
2-29. Guided Missile. An unmniied vehiclo composition IlesignNI to pnirouce smoke or
moving out away from the earth's surfaCeL specially colorted lights for Acreens, NlIXes, or
whose tnijectory or Ilirht path may he signtals.. 'rho ingredients in the composition
chawvil or alteredl. preds'termint, then elli-cts resutlting front burn.j

3
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inx. Swh mt,.riaNl are pArkairer in t,,n- ;.rxrx v,,Iump i,f wat,.r t" pre.vent rata-4troph-
t-fint r'% ,liis n for rel. aA, fr,,m airrraft eir ic de.'tructiton fr,r fire 1,r ..xpl-I,,n. i),'huji,

f,,r firing from a siJn or missile. • mystems are diff,.rentiat,.d (:.m xprinkh-r
symtems by th. vtlum. f ,rtj.r th.y rel,-au.

2-37. Incendiary, A term applied tp a baurn- the iW.sial contr, valvoes emp'.yvfJ, and the
;ng comp,,%tion dexigcned tp prmduce inti,n.e nsinsr device tor dktoct,,rs. latest da.1ise
ht at up tW "voral .econ&d. The ct,m,.ition for propel~ant works is tW install detectors
contains powdered metals which ignite and that function on "'rate of rise" principle
burn at temperature 25Y' F. and up. within .5 seconds, and deliver copious quan-

tities of water to aboorb heat generated by
2-38. Hypergolic. A term appih d t, the in- burning propellant, and thus .ow the burn-
stantaneous ignition action of certain fuels ing rate, This thinking is oppsed to that
and oxidizers upon contact with each ,ther. advocated in the past; namely, that water

would extinguish burning explosives. Many
2-39. Hypergal;€ Mixtures. Mixtures of two of the newer formulations cannot be extir-
or more materials which spontaneously ig- guished by water alone.
nite on coming together; for example, fum-
ing nitric acid (oxidizer) and furfuryl alco- 2-42. Adiabatic. A process, condition, or op-
hol (fuel). eration during which there is no gain or loss

of heat from the surroundings (outside).
2-40. Simultoneoui Detonation. The detona- Adiabatic actien is occasionally stated as
tion of two separate uuatities of explosives the cause of an explosion for reason that dur-
occurring so nearly at the same time that ing mixing and pressing, internal heat may
they cannot be detected by sound or effect as build up and localize without transfer, result-
being separate. In such incidents, one explo- ing in temperature at one spot reaching igni.
sion usually sets the other off by shock wave. tion level. Compression of materials raises

temperatures and if the heat is trapped in-
2-41. uelug. System. A special fire protection side without opportunity to escape, an explo-
system designed to immediately release a sion will likely follow.

/
/
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diapter III

PROPELLANTS - EXPLOSIVES- HAZARDS

3-.* Basic leqwiremons for Frop.Ianfo and d. Items must remain stable under normal
Ezplosivos, temperature changes.

a. Raw ingredients be readily available in e. Items, on initiation, must deliver large
large quantities, relatively cheap in price, quantities of gas and heat in optirrum time-
and processable with reasonable safety. tht . High pressure must result from the sad-
. b. Finished items must be of a ty-pe thtden decomposition (explosion) of the sub -
are uniform in size, shape, etc., and posses stace
uniform response characteristics.

c. Possess stability during handling, trans- g. Waste and residue remaining frrom de-
portation, and storage, composition must be minimum-

REMOTI'LY OPFRATEDI MIXING, AND) PRESS BUILDING PROTEIWED BY EARTH!
MOUNDS. NOTE: VENT TryPE I10F.TUNNEL ENTRANCPS ARE PROTEMrED BY
HEAVY SPECIALLY DEN:IGNED DU0011.
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3-2. "Clad.,ve proptiae9 fe .4 E.4eeiV. and ly. KzPlrsiv.q inged~ientsa ate, have thvir
In"vedionts. .4recifir hazardoux prfsperties. So~me arm! tioric.

a, Al epl~mvenarein 7,ri degee u- pirtolucins d'riatiti.1 on re.guLar eiontact with
a. Aill tx~.io e nitiain an idegree sus-t the vikin-. -,mp are reipirat,ry irritant-4 anti

cbujti~. or exptionti' any f sompfriction i the' fumeq or duipt thi-refrom arpe harmful tit

impact. The degcree of vienxitivity and re- rah.Tehlgncnpmo.i h of'

sponse Us, these ignition *ource% varies with yrtmanthbeliu cmpndae
the chemical composition, particle size, an'l extremely toxic and exposure to even small
state of confinement. Black powder burns concentrations Cass be ratal. Zirconium pow-
with a flame when unconfinetd and explodes tier or (lust is extremely sensitive to static

whenconinei, he ate ein pinpotioate electricity. Perchlorate% are un.4table in the
whencE~fine. te rae bing roprtioate presence of oils, greases, and similar fuels.

to particle size. Smol~eP-ss powder normally Alcohol. ether, acetone, amyl acetate, nitr~c
burns rapidly when ignitdi. h pn acid, DNT, 'ethyl centraliti. and reiorcinol
under confinement it may deflagrate or even aebt oi n lmnbe
detonate depending on particle size and a bot toxi smaryd fmsabxloe. igedet
strength of container. Other explosives only poses toni surorsto xposie greet
burn when unconfined, some very slowly and Maosse toihl propertiet some deree.-
with difficulty when spread in the open, but Mayrehgl ambeseaee-
react quite differently when confined. TINT, tremely reactive in thc presence of other
Explosive D, ammnonium nitrate, nitrogly- agents, and ell are chemically affected by
cerin, nitroguanidine, and composite explo- heat During manufacture and processing,
sives are relatively slow burning in the open, rigid controls must be exercised to provide

howeer nde conineenttheydetnat if protection to workers from taxic properties
hxoseer undppeconfinemhent tn hk doe i and to prevent fires and explosions from

expoed o aprecabl hea an shok. ome heat, static electricity, or rough handling.
primary explosives do not burn, in fact are d. Primary explosive and booster material
not combustible, but are extremely sensitive manufacture pose extreme hazards. chief of
to heat, impact, friction, and electrical im- which are mixing and pressing. These two
pulse. Propel lants/ex plosives cast into solid are performed remotely behind protective
rocket motors normally burn but may ex- shields or barricades. In the manufacture of
plode in certain c"-figurations, or if voids or high explosives the initial mixing process is
cracks develop in motor during the casting really one of nitration which may result in
or curing process. fume-offs and Fires if not rigidly controlled.

RESULTS OF F"IRES DURING1 EXPLOSIVE MANUFACT1URlE.
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PROPEL ILAN~T MI X ER. NOTE: (1) EXPLOSION PROOF ELECTRIC CONTROLS;
C-1) F.LAME DE.TEC TORS, (3) r) lFEAD)S; (1) PIPING G~ROU!ND WiHFI; (0)
TMIVRATI'RE SENSOR FOR MINI (7) PORT TO ('AsTIN(, PIT.
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,.. cyn o'.mpletion of nitration, th. mate- .4ynihrni7-i to hrins all materials in
ri..l mi,vs on thr'.ugh neutralizatin ard intimate r,.tact with each other within a
vawshinig pr,,ce," wh,-h are comparatively fitfl tim, ryle Ire employ,.d ti give uniform
.afe f,,r m,4t exploiv., mix. Bls-i* muqt he do-ni, nd to prevent
f. It hould be rcognizPd that in almost any ,rapinx or pinching acti,,n. otherwise a

all eXpl,,iVw. mr.nufacture and pr,.-o44ing frp or expk, ion may result.
there are one or more itag" where explo- c. On completion of the mixing cycle, suc-
ive vapors or dusts are present. In such cessive steps vary with materials and use.
place*. nonsparking tools. explosion proof In some ca.e,. the mixed material is cast
electrical fixtures, and both equipment and directly into a mold and cured; in other
personnel grounding are imperative if loci- cases, it i.4 prermed to remove wx.'te liquids.
dents are to be avoided, and shapef, for later processing; in still other

capes, it is extruded inw fixed shape and size
3-3. Manufactu.ing Hazards. by use of huge hydraulic presses that operate

a. The manufacture of explo-ives requires at pressures up to 3000 psi. Pressing opera-

many and varied steps and processes accord- tions are ha rt,u. and should be properly

ing to the specific ingredients and finished barricaded and performed by remote control.

item. A discussion of them all is beyond the d. Loth cast and extruded rocket motors
scope of this publication; in fact, would re- require sawing, trimming or other machining
quire volumes. Only the more general opera- operations. These are hazardous processes
tions and operational hazards will be touched that should be performed by remote ..ontrol.
on here. Safe machining requires a coolant, such as

b. The production of any successful explo- water, nitrogen gas or cool air, on the cut-
sive requires the incorporation of two or ting tool to keep temperatuies within control

more ingredients. This operational step is limits. High speed, large volume deluge sys-
carried out in a vessel referred to as a mixer. tes should prtect machining operations to
Raw ingredients are generally unstable in slow down burning and min|imize damage in

the presence of each other until the final event of fire.
stage of mixing; therefore, the mixing proc- e. Core or mandrel removal from cast mo-
ess is a tricky one that requires temperature tors is another operation that has been a
control and quite often humidity control, source of fires/explosions. Safe practices
The likelihood of a violent reaction during require that operation be performed under
mixing has led, in most cases to operation by deluge protection with operators stationed
"remote control," which simply means the at protected locations while core jacks and
operator is located some distance away in a pullers are under tension.
protected area and handles the adding of f. Mixing. pressing, core removal and ma-
materials and mixing by "push button" con- chining are considered the most hazardous
trols, using mirrors, viewports or TV, to operations in the manufacture of solid pro-
observe. As raw ingredients are addod, auto- pellants, and rocket motors; however, other
matic devices sense danger temperatures, operations such as the screening of dry in-
etc., and make adjustments to correct condi- Iredients and the handling of solvents re-
tions. Mechanic illy powered paddles, or quire precautions and care.

12
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Chapter IV

COMMON EXPLOSIVES, THEIR MANUFACTURE
AND USE

4-1. Black Powder. disadvantages assciated with the use of
black powder are: it burns with a heavy

a. The oldest acceptable explosive in use black poker ad: whenuandledti aeneavt
today is black powder. It is - mixture of baksoe nwe ade ttmst
thredra her blackopowder. s -- c mtreol ~ erode away into smaller grain size and gives

off a black dust which is messy and extreme-
saltpeter (sodium nitrate) and sulphur. The
mixiug operation is simple compared to that ly dangerous.

d. Another undesirable property of blackemployed in mixing some of the more recent-

ly developed explosives. Prior to mixing, powder is its extreme sensitivity to friction,
each of the three ingredients is purifie spark, and open-flame. This necessitates theutmost caution to avoid crushing, pinching,
dried, and pulverized. They are then placed and the generation of static electricity. Safe-
in a rotating wooden drum in a predeter-mine raioandas he d-. reolvs, ix- ty for open handling. packing, etc., necessi-
mined ratio, and as the drum revolves, mix- tates that. equipment such is tables, benches,
ing takes place. The mixture is then placed
in a large stone vessel equipped with rotating scales, and containers be electrically

wheels which lightly crush it into a cake on grounded and that floors be conductive. Em-
the ottm o thevesel.Seveal f tese ployees should wear conductive shoes, cotton

cakes are rolled together and pressed into a underclothing, flameproof uniforms and headlarger ae rhie iokenp and rin . coverings. All tools should be of the non-larger cake w hich is broken up and granu- sp r i g t e. O ra ng h y s ou d b
lated into grains. The runs are then refined sparking type. Operatingp hays should be
and coated with graphite in a tumbling equipped with explosion proof electric fix-tures ani deluge system.. Any material
drum. A screening process follows to segre-
gate for particle size and remove dust and spilled should be promptly cleaned up and
excess graphite. placed in an appropriately labeled, covered

b. Particle size is larly th~e determining container, partially- filled with water.

factor in burning nte, the smaller the pmrti- e. Black powder has been replaced as a
cle the faster it burns. Dust particle size demilition agent and propellant by less haz-

may burn at rates approaching detonationi ardous and othewise more desirable agents.
velhcity. Its use in the military service tay" is large-

c. For several centuries black powder was IY confnetl igniter and as an ingrediet

the chief explosive rnd mierved many pur- in pyrotechnic devices.
posets. The military services used large 4 Smoke.., Powder.
grains trtr caanno, prownwlants 1u' to its

slovr rate o burnin . s m ailr grains were a. Albout the mihllt( of the 19th centu-ty it
used ln shoulder and side arms wh ih, ev*n was discvertl that the nitration to( certain
smaller grains (11it particle size) wv'iv organic compoinds would pr(hstice explit.

used ft r ignition lmUpo'v ., demolition work. .i ves. Esxperiniettal itu di,,s lIeA to the dt-'vtl-
anti for shvli ho .t illnt' charves. Txt pr immry 4p.n'1it ttl' ,In,,lh,, lU wter: firt succv.S-

'3
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ftilly ouw* 'n l'rs.4aia in 1441. Tho ':urlv
n?,iuiufattiirlnM' jirn''4 was to nitrate wisa1, 0
the'n impregmat', it in xaltpeti-r, and dirv. * : *
'l'i.4 mi-th'-l vaMn stave way top the pr(K~i-4, #of *
nitratinse cf.tto~n Iint-!rx, the'n li.Miwivng ni-
tratfl rms in a mixture of alceohfl andQ
e'ther bfof(re extrudling through dies to flu'-
sired size and .;hape.

h.' Thise powder ofrered a number of advan-
tages over conventional black powder as a
propellant., For o~ne thing, the volume i~f
smoke was greatly reduced; it was le~sensi-
tive to friction, heat. and .static; and it
burned cleaner and left little residue in the
gun barrel.

c. Today's technique is a highly refined CONTROL PANEL IN OPERATOR'S PRO-
process that is much safer to carry out than TECTIVE SHELTER ENABLES HIM TO
was ever perfected for black powder. It HAN DLE PRESS LOCATED UNDER-
requires the nitration of refined cotton lint- GROUND A SAFE DISTANCE AWAY.
ers by concentrated nitric acid employing
sulphuric acid as a catalyst. On completion acid leaks, spills, "fume offs," and fires.
of nitration, the residual, acid is removed Pr otection from these hazards demand eye,
through boiling, poachng. and pulping. Suc- face, head, and hand protection. flame-proof
cessive steps remove the water by pressing acid resisting coveralls, and safety showers.
and alcohol dehydration. The material is h. Smokeless powder's main use from its
converted to a colloid by dissolving in ether earliest development through World War 11
aft~r which it can be pressed and extruded was for gun propellants. The bulk of todays
to uniform grain size. production goes into the manufacture of

d. Successive steps remove excess solvent solid rocket motors.
and cure 'into finished stable grains with
definite properties. Blending, screening, and 4-3. Nitivqlycorin.
packing, operations follow after which pow- a. The Italian scientist Sobrero discovered
der is ready for use ot storage, nitroglycerin about the middle of. the 19th

e. Present quality control techniques -.n- century and built a plant for its manufac-
able manufacturers to produce powders wvith ture. The adventure was not successfujl be-
such.'special properties as "flashless," "~non- cause of continuous explosions. Later, while
hydroscopic," "controlled burning time rete," employed by the Nobel Swedish firni. Sobrero
"progn-s-sive burning nature," "delayed pres- permitted Nobel to experimnent with his
qure build-up," etc. Conventional gratin shape patent. After several disastrous explosions.
is cylindrical, either tingle or multiper- Nobel developed a method for incorporating
foratt'd; however. other shapes such as sliv- the liquid into a solid which camne to be
ers, discs, and spheres are sometimes tin- known as dynamite. The added solid mate-
ployeul. rial (earth & sawdust) acted as a desensi-

f. Smokeless powder produced in the tizer and made the material rehativel ' safe;
aboive manner is referred to as singrle hase yet, by employing at detonzxter or blasting clip
powder. single lvase propllanbut. and ats hast' it Could be explouled at high order.
grain propellant. bx Nitroglycerin hats bteen one of the most

it. The nitration described above invoilve's sati.Aftictox'v "high exploisive-s." Its mann-.
at mixingW which hrings aboutt a chemical fattirv invodves at very dangerou11s process.
t'ha nge. This, p i'vws's frequnt tly n'sul ts in and over t ho year,%,. hits catused many d1isas-

14
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ti*r'.us inriil,.nti. N itrioIycerin. ,rNr ;t4i pr'.lrrm4. rnilli'.r.4 4i Vo.ir.'fN ,f NGar
it ii; mfqt 'it--n csdlid, in masnuf.wu,r'' by incotrp..rated in ud r''-k.-t r.tr and x;tq
adldinse mix-I' concentrat-d nitric and -id, generati~r4 f'.r prv*-"Jr- actuattei vj~

phiaric acid tit pure welyci r-dil i. 7 #. prr-os
i.- called nitratioin and ija ac'imppnisId fby a 4-4, Composite..
bxilin1g reaction that is e-xtremely hatardl'.sJ
and requires carvful te-mperature ctntriol. a. Cwpsieprnp*.llant.st lepoiv re

The itrtin ve-teli.4oquppfl wih sirrnse producti '.1' the news-r e-xplosive fformulati" nx0
Tade anti vcool ig cjippd it ir that have c;me into pro~minence and wd

padls ndcrdi&hois. :b temperature wide

is controlled by an operator regulatingv the ~piainsne'~rdXvrI.Te r 4'
rate of coldl water flow through cijl-4. With- manufacturedl by the physical mixture oot
out this control, the process can quickly get eihNasldo u ulada xdzr
out of han(] and result in a fire or explosion, usually employing a hindiz'g agent. Sc-eral

formulations call for a synthetic resin fuel
c. On completion of nitration, the spent to which is added pulverized aluminum.

acid is drained off and the material is passed Formulations may call for powdered1 mag-
through a serir-" ^' ;essels in whi-!h it is euzroimbrylmtcaad-

washd ad rfind. he rw N, avisous tives. In fact, experimental studies have
liquid resembling castor oil, is so sensitive to utilized most potential energy source mate-
shoek that it is conveyed through rubber

line pips tothe esesitiing uildng als. Ammnonium perrhiorate is the widely
whnere agpens arte adeteeissensi-iigbidn accepted oxidizing agent, although potassium 4
whrt aetiaeadeioteucyt.sni perchlorate. various chlorates, nitrates, etc.,

tivity.have been employd- The basic ingir.dients
d. NG manufacture is a process th.-t ac- in a commonly accepted formula are syn-

cept-s no mistakes or errors. Each step of theti:- rubber for fuel and ammonium per-
the opera~ion must be rigidly controlled, thus chlorate for oxidizer.
automatic fail-safe devices are employed to b opst onu r ie nacn
shut operation down in event anything goes ventional mixer under riZU~ process control.
wrong. Buildings are de-signed for only one then are cast into molds, cured and machined
oper ational step, and equipment employing to finished dimensions. The manufacturing
moving parts is avoided following the nitra- prcssudmcheiransfrtant

tionroes procesd All floors, steps ande insid minttio prces. Al foor. seps an inide is. In reality it offers maycomplicated and
walkways are lead covered;. walls and ceil- perplexing problems: ho3wever, composite
ings are finished with nonporous surfaces roket motors have proven practical and
free of cracks and crevices, and indirect have much to offer. They are relatively safer
lighting from locations outside bays is em- and cheaper to manufacture than those made7. 1
ployed. Material transfer is by gravity or from the older nitrated propellant,% such as
air jet through rubber lined troughs free of N. CanNQadteicobaio.
joints and rough surfaces. Any handling is NCNGanNQadthicobains
in special rubber buckets or rubber con- 4-3. Prmary Explosives.
tainers fixed oin A 'rubber-tired hand cart.
appropriately referred to as an "Angel Bug- a. Primary explosives are those used a-s
icy." NG is usually processedA into finished initiating agenits and are frequtently referred
items such its dlynamite, propellant. etc.. at tot is priming comptisitions. thus the cwiaveti-
the plant where mitnufacturedl as litevrstate tiotidl term "primer.- Among the primng~
('omme rve C mm iss ii O(CC) rego lot iowinS ci mlpuisitii ils in oerd inary us4age are lead
not peCrm it trlls feel i f I lili i NG over iail a oide, mercuu'y fulmi inate. lead stypihnate.
road tit high way except by special piue s. tet racene, PETN, DDI)N . fin ely li vi lo'a black
slin. WVitbhin lo it, t raioM fe in .4pocio Ily powder, litita-swiumni -:%rto anid sotlitim ni-
ilesignuiI VV4Sels Callil diClectiirs4, is lierm-1i. trotl. -n;r .ardb
.4i ! I i' ft.l' r litSVIM t iti . 1n.1 Ia IteVIZt (illy It. Ili r I n; ci 'npt-itioii i r pi'p r'd b
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ohyltie'ally mixing chemirals that are inord,- liehtq: thtq. with thp prfors.r ;adliiv..4 the.
nately sensitiv' to impact and friction when wh,,ls xpectrim f livhtx ,,r rn,,k" can be
in combin.tion, and when explided disinte- .fr.cted.
,rate' instant in,.u.ly, releasing hot gas,. c. The FAic insredi,.nts in all pyrotechnic
and minute incandescent particles. They are mixtures are the fuel and oxidizing agent%.
high explosives with extremely sensitive Materials are selected for a composition that
characteristics, yet possess distinctively produces a low explosive with a relatively
lower br~sance values than the materials they slow burning rate and low energy release
are used to detonate. Many known priming which is further reduced by retardants. The
compositions are too sensitive and unstable fascinating end product of the chemistry in-
for practical use. Thise acceptable are pro- volved in the manufacture and use of pyro-
duced in very small lots due to hazards technics is dramatically demonstrated by
encountered in manufacture. Any storage of Fourth of July fireworks displays; however.
the more sensitive compositions is under such displays never reveal the extensive
water or other desensitizing agent. scope made of them by the military services.

c. Primers or detonators are manufac- d. Pyrotechnic compositions employed for
tured to special size, strength, and sensi- military service are packed in containers
tivity to meet use demands. Strength and appropriate for use. Some are packed in
sensitivity requirements are met by blending rifle grenades, some in shells for tracer
different compositions. Frequently ground illuminants, some in canisters for release
glass or corboidundum is added to composi- from aircraft, while others may be loaded
tions that go into the make up of percussion into shells and bombs. Pyrotechnic loaded
elements to provid- friction characteristics shells and bombs carry a bursting charge to
that assure positive ignition, rupture case before the release of pyrotech-

nic mixture.
4-. Pyrotechnics.

a. The word pyrotechnic is of ancient ori- High Explosives.

gin and is derived from the combination of a. High explosives, as discussed earlier,
pyro meaning fire or to burn, and technic possesses the characteristics of high brisance
meaning artful use of. For many years it and destructive shock wave when initiated.
seems to have applied to fireworks used for They are manufactured by the nitration of
display and amusement. From a present day various petroleum or coal tar derivatives and
military standpoint, it applies to materials are used for bursting charges and demolition
or items used for producing smoke screens, work.
smoke signals, flares for signals, flares for b. Nitration is a chemical change that
illumination, tracer compositions, and in takes place when nitric acid acts on certain
some cases, for producing extremely high other materials. It is speeded up by the addi-
temperatures as in the case of incendiary tion of sulphuric acid which acts as a cata-
bombs. lyst. The process is quite active and may

b. Pyrotechnic compo.itions are designed become violent unless rigidly controlled. It
for special purposes ant effect which is is a fire-explosive hazardous process and the
brought about by the individual chemical corrosive action of the strong acids envolved
additives in the burning mixture. For exam- is a constant danger to piping, valves, tanks.
ple, if brilliant high candle power illumina- etc.. as well as to operating personnel. Spe-
tion Is desired, additives of powdered alumi- cial metals art, iquirtd for equipment; build-
num and magiesium are incorporattd. If In g materials are usually acid and fire
red colomd lights are required, percentages resistant; and, buildings are provided with
of strontium nitrate are added; harium ni- splcial protective features such as delug:e,
trate additives give grmn colored liNhts; systems, strong dividing walls and explhONIlA
cupric oxide in Combiitalhon produces purple INof electrie llxtu res. Frequently builings

16
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;ar.e a;,rricd from one an,,ther. D.tails (7) (',rmp. A. A-i, ,nil ,$.3-Manufar-
,of th. v~arif,,is prre..4me art beyond the 'tow tiured by granulation of JDX anrl hAtinsg
,,f this handitmk. Rtaders interested in fur with oiprxcial ,, ,'nsitizing waxes.
ther study can find technical publications () Co,,,p. ,R-Manufactured hy mixing
that lurnimh necessary information irtain-  RDX and T.T to pre-establinhed percent-ingz to) manufacture andl u.se. ,awen. It is more sensitive than TNT alone

c. Among the more commonly u.sed high and po.s..sst.s superior .strength anti bri-
explosives are: .sance.

(1) TNT-Manufactured by nitrating (9) Comp. C., and C-4-Manufactured
toujhne in a thrcc stage process. The finished by combining RDX with an oily plasticizer.
product in flaked form resembles flaked Oeta- (10) HMX-1anufactured by multi-
gon soap and is quite stable and insensitive. stage process of incorporating several other
TNT is used for bursting charges in shells, base explosives and refining to white crystal-
demolition bombs, grpnades, etc. It requires line solid that is extremely sensitive and
a strong initiator but affords great destruc- possesses exceptionally high strength and bri-
tive power when set off. sance. In addition to its use as a high explo-

(2) NG-Manufactured by nitrating sive for special conditions, it has gained
glycerol in a single stage process. It is a some recognition as an ingredient in high
clear liquid resembling castor oil. Frequent- impulse rocket motors.
ly, it is incorporated with substances to form (11) Ammonal-Composition of TNT,
less sensitive solids for demolition charges. ammonium nitrate, and aluminum powder
It is more sensitive and less stable than TNT. used for high brisant effect in motor shells.

(3) Explosire D-3anufactured by (12) Tritonal- Composition of TNT
neutralizing picric acid (a nitrated phenol) and flaked alumiaum used as high explosive
by means of ammonia. Explosive D is so bomb filler during World War II.
insensitive that it can be detonated only (13) Amatol-Composition of ammo-
with a powerful initiator. This property led nium nitrate and TNT used during World
to its use as shell and bomb fillers where deep War II as a suostitute for straight TNT in
penetration in concrete or steel is desired demolition bombs.
before detcnation occurs. (14) Tetrytol- Composition of tetryl

(4) Tetrjl-Manufactured by the ni- and TNT for special purpose. Its sensitivity
tration of benzine, reduction of the product rests between straight tetryl and pure TNT.
by iron filings and muratic acid to aniline, (15) Pentolite -Composition of TNT
then combined with wood alcohol under pres- and PETN for special grenades and boosters.
sure, and renitrated. The finished product (16) Torper -Composition of TNT.
is a stable yellow crystalline powder that RDX and powdered aluminum developed forpossess high explosive strength and brisance. special blast effect in bombs and shells.

It is used primarily for boosters of less
sensitive explosives, and as a constituent of 4-8. Liquid Propellants.
detonators.

(5) ,Vitro stnrch-Manufactured by ni- a. Liquid propellants fall into the category
trating ordinary starch which produces a of explosives. Their use iN an innovation of
white powdery material used for grenades the guided missile and space age. Although
and trench motors, liquid propellants normally burn, they poa.

(6) RDX-Manufacturtxi by a compli- sems explosive characteristics and may be
cated process using TNT as a base material, expected to deflagrate and even explode un-
RDX is more sensitive and possesses greater der certain conditions. It is, therefore. ex-
strength than TNT. Its use is for special tremely Important that recognized control
demolition vork, and as bitst, ingredient for nvasirvs 1x% exercisil dluringr handling and
oither high explosives. ust, to aVOid disastrous incidents.
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1). Ths. fat that *ieliquid prr *-llant,4 the manui'artiur.p "f rrno,,t conventionail -iih-

will e.xpl.I4I h:L4 wnerated a riequire-ment for tgry S"xPlosivi.
measuring their (it~iptive pr",qurp strength f, hi rfatost"oirei adi
in event of explo-iion. A rule-44-thumh yardf- and u.4inw liquid rol lat are:
itick that hax come inti, acceptance i4 it I ) Proper ntiorage an's separation of
refer to its "TNT Equivalent" which simply i'uelx and oxidIizer".
means that a certain quantity (pounds or J2 Compatible materials for stxoralrf
tonnage) has the equivalent disruptive (ex anti handling vessels.
plosive) strength of a given quantity oif
TNT. This might be statedi as a proportion (3) Good housekeeping at- all times.
such as 3 to I which would be interpreted (4) Careful inspection (if facilities anti
to mean that 3 pounds of the material would proper maintenance to minimize leaks anti
have the equivalent stre ngth of I pound'of spills-
TNT. Another way of stating the same fact (5) Carefully trained operating person-
would. be to say the material had a 1/3 nel.'
equivalency of TNT. . 6) Appropriate protective equipment

c. When speaking of liquid propellants. and devices.
we refer to two different agents; one is a (7) Large quantites of water to handle
fuel, the other is an oxidizer. These are kept spills, fires, etc.
separate until the moment of tuse. This is

* the opposite of the solid propellants in which 4-9 CaircIdge Ac I ated Devices CAO.
the fuel and oxidizer are joined in the mix-
ing process. a. Cartridge actuated devices (CAD) are

d. Liquid propellants pose handlin- prb ,mall packaged units designed to function
lems not experienced with solids. For one rapidly and accomplish a specific mission

thing, separate storage facilities are required through development of gas pressure from a
*for' fuels and oxidizers. Special tank cars rocket motor. Their main use by the Air

and trucks are requirea for transfer. Uquids Force is for aircraft enlene starting. e~ec-
require tanks, piping, valves and pumps for ti .on devices for aircraft canopies, emergency
materials up to point of use. In many cases, ejection of air crew members, release of fuel

refrigeration and pressurizing are necessary tanks, etc.
for liquids. This creates the potential of b. The small rocket motors used in CADs
leaks and spills. But the greatest hazard to vary in size depending on amount of gas
operating personnel is the toxic or tempera- pressure required for the individual use. A
ture effects from liquids. Most are highly typical motor Approximately 1-inch in diame-
volatile anti toxic, thus must be handled in ter and 6-inches lonic is manufactured by the
closed vessels to prevent build up of a res- extrusion of a solventless propellant into a
piratory hazardous environment. This is cylindrical rodi. The cylindrical rod is ma-
particularl 'y trtie when nitrogeni tetrioxide. chintd to exacting dimensions, And inserted
nitric acid, hydrogen peroxide, ammonia, into a closp fitting aluminum cylinder
aniline and hvdr-Asino Are hAndlNI. Hydrn. equipp*41 with A squib igniter. The unit is
gen. oxygen, an(1 nitrogren in the liquid state then clowsed. ins;pectod And pressure tested for
Offer hnzards of extremely low temperatare leaks in an inert 1 ns and packaged for ship-
that Are de-leterious to many mtetals anrd ment to the using service.
destroy NOsly tissue of \vorkps on contact. c. t'AIs of other sizes and shalws 4trv

e. Liqluid'propt-llants are matnufactured by mitnuracturtil by at siiltr proceL4. The
a standA commerthal chemical priocess and motor init C(AD) is not de.signed to explisle,
in mosit ciuses airp obtained froim commerviatl but tiv rapidtly lalil uip high gas prr~s:,si'.

s4uli
1er. Th i r manu ofactill-o di les ni ot inl- lhnaof their litiie qjuick act io n when

vo l vi* the vxpltivo i~ hitaa 's nccimpany in g igmtit, they COnl rt'i ier~imi 11 ininYii awli

to
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Ijroprty drav(F if imrir'.rerly hatn'li.'f. VANM 4h,j141 imw haindJsA and iu-'if 'r.ly hy
n,,. ir u~xp haAi h.en 3 e'in~tant iv.ire~ of i- rars-Ni;ly trains.l, e'"flt4Ivfltii,wI4 rx-rvJnx t'ol-

hi;p-% in, and ;ir'unm -.irrrtrt. in; Atvbon% lwinx in eds-tul .'ah 4te*p of1 -ll- do-vpl',;od
'4 tho-u- inl4hape rf-vo;if th;:t !he mawr ('aiiM efiabliAhs.-l preruwlure(4J. .iAfety rlevi -t 4.14-h
ii the or-umanli erro~rs ir lianeflorri and n..t the as xAte.ty pini. qtreamprim, etc., qhould be
Malfunctio~ning of the device" tl'emn.-444-s. fully utiized.
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Chapter V

SPECIAL. FACILITIES AND PROBLEMS

5,. Facilities or Features . There are several explosive site. These distances are lited and
facilities or features- involved in the manu- described as:
facture, handling and storage of. propellants a. Inhabted Building Distance is the dis-
and explosives that appear to warrant men- tance required between a building occupied
tion. These are briefly discussed in the light by people (inhabited) and a given quantity
of present day acceptance and regulatory of explosive that will afford protection to the
control. building against "substantial structural dam-

age if explosive goes off." The explosion
5-2. Qunnt.iy-Oistances. Quantity-Distarices might cause some cracks in walls, broken
are distances between a given quantity of windows and the like, but would leave build-
explosives and another point (inhabited ing standing, structurally sound, and occu-
building, public road on another quantity of pants free of major injuries.
explosives) whic~h will afford certain type b. Public Railway and Highway Distane
protection in event of fire/explosion at the is the distauice required between a road or

STRONG WALIS BACKED BY EARTH MOUNDS PROTECTED BUILDINGS AND OP-
ERATIONS NEARBlY.,WIIEN EXPLOSION OCCURRED.
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railroad and-a giaven quantity (if expkotiva tit si',n from inp sitp upm ani.ther by a mn:.tqiip fir
afford priptectiim tim vehicle% from hhsxt u-gTe-ct miftsilps is unlikely, thiough n'4t impr.4~able.
in event e xplosqive "Kio e'," It is fixurod At Quantity-Distancoe applicatitmf mutit ho as-.
60 rmercpnt "( the Inhabited Ruildling ii. vciat- anti iaterorstev with c!axfio tif
tance. This less.r disqtance is justified tby ammunition, the exist'iwee tif int*ervening
smaller size and nat ure (if a rail oir miotior barricades and the locration Of explosives.
car. eihe under orabitve grnd.

c. Intralinii Disanee is the distance re-
quired between any two, buildlings within tine 5-3. Clsses of Explaswev. ExpTlos.ives are di-
operating line to prevent an explosion in one vided into categories referred to as classes
building setting ofr an explosion in the Other for convenience in establishing saftty con-
from the blast effect. This distance would trols. Items possessing common properties
not protect against substantial structural and hazards are placed in a given clamss This
damage, nor against another explosion ini- simplifies control techniques, minimizes cost
tiated by flying missiles, of manufacture, handling, storage, and pro-

d. Magazine Distance is the required dis- vides for greater safety. There are two comn-
tance between two magazines tia ma be monly accepted classifications of explosives;

expected to prevent an explosion in one, ini the ICC Cl maficoahii (Interstate Commerce
tiating an explosion in the other~from bkaA. Commission), and the Depart me-nt of Do-

fense (DOD) CkOssifiCattmR
Discussion: Tables of distances are based a. The ICC is concerned with the trans-

on findings from investigationsof explosions portation of explosives over public highways,
that have occurred during the past century. railroads, and air and has established three
They were first developed by the state of classes, namely: (1) Class A. which is given
NewJersey, were later accepted by the state to high order explosives (generally mass
of Delaware and have now come to have gen- detonating) such as TNT, NG. tetryl. RDX.

* eral acceptance throughout the countr undoxr HMIX, etc.; (2) CLass B, given to propellants
title of American Table of Distances. Under and explosive items that may be expected to
the. direction and sponsorship of the Armed burn if ignited during transportation; and

* Services Explosives Safety Board, adiiional (3) Class C, given items that contain very
studies and tests have been conducted and small quantities of explosive material or
application extended to include new items as items which burn slowly, if at all, under
developed. The tables used by armed services normal conditions. Generally, Class C items
today are referred to as Quanti ty- Distance or materials are handled in standard ap-
Tables and are applied by all three services proved shipping contiiners.
to the manufacture, transportation, and b. The DOD Classificatien was developed
storage of explosives wherever the U.S. is and is applied to explosives during manu-
involved. facture, processing, And storage. as wenl as

Over the yeaR- experience hits generally during transportation over public highways
supported the validity of the tables as first andi railway3. It provides twelve classes
written, in fact, has proven them so reliable which are:
that accepted formulas have been developtd (1) Clas* 1. cortains items wvhich are
therefrom. fire hazardous only and aire relatively safe in

The application of Quanltity -Diitance normal packing container, such ats smafll
Tables Is it major factor In minimizing da~m- airms. chlorates, powderutt aluminum, sitrety -

age froim explosionsi. They etbli~sh mini- fuse's, fuse lighters, firinW devices, eiplosive
mum di.4tancei that maty be expetetd to helIlows, etc.
prevent propolatlon tif ex plos1i,)11s fom ne 1114 (la-s % I, nclude, itemt tit bulk
point oir s4ite to a n adj13acen t si ton by tIlre, blast 4ni kvh,.q., liwder. sigle haesm solidl prm-,
andi shock mt-ct. P ropaga ltI n of an exsplo. pellitnt., i lb mi nants%, igo i te-r andl triacer ve-
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Sme-ntf, tigwn., Grip C and i) themical inch wo.b thi'knest 20 prr'nt N, dl'ublo
ammunitl,,n unaxsmbled, etc. Iase prop.llant which is ClAs 2A when in

4:1) 1)714 ., includes rocket and JATO mtal lined wooeln shipping boxe. but ge,*.
ignit4. r- , illery primers, p-actice mineq. to Class 9 when %t)red in all metal boxes.
packaged fu.". , concussion type detonat-rs, Another example is WP loaded rocket heads

etc. which are Clas 2, unless assembled to exlo-
(1) Cli:ss 4, includes assembled chemical sive c#,mponents in which case they fall in

rockets, blank and saluting cannon ammuni- Class 1. Again, JATO and rocket motors
tion, 20mm HE and HEI ammunition, composed of Class 2 propellant only are Class
Group A, B, C and D chemicals completely 2 items, however, if Class 9 propellant is
assembled in ammunition, etc. adoed to the manufacture composition, the

(5) Cuas 5., includes projectiles loaded items become Class 9.
with Explosive D when not packaged with

cartridge cases. 5-4. Compatibility of Ixplosiveg.
(6) Class 6, includes boosters, M-1 cable a. When the hazards of explosive compo-

cutters, unpackaged fuses, and some fused nents or complete items are increased in the
mines. presence of others, the two are said to be

(7) Class 8, includes blasting caps, det- incompatible. This fact is one of major im-
onators, primers and other percussion type portance in explosive manufacturing and
elements. processing plants, also in the storage of the

(8) Class 9, includes bulk HE such as materials and items. For standardization
Comp. A, B and C, TNT, Tetryl, RDX, purposes, explosive items are divided into
certain double base propellants, primary ex- categories and asigned alphabetical groups,
plosives, and numerous other items that A through Q. All explosive(s) items are
may be expected to explode en masse at high placed in one of these 17 groups, according
order. to their characteristics or properties. Chap-

(9) Class 10, includes HE loaded ter 4, AFM 32-6, November 1961, pro-
bombs; fixed, semi-fixed and separate loading vides a list of items in Air Force inventory
ammunition other than Explosive D, Comp. included in each group.
B, TNT and Amatol; HE loaded mines and b. Compatibility of items in storage is
grenades, HE rocket, complete rounds; HE essential if incidents and explosions are to
warheads' and other sim-lar items.

(10) Class 11, includes ammunition-
type items not considered an explosive haz-
ard such as chemical ammunition not assem-

- bled with explosives.
(11) Class 12, includes items relatively

insensitive that can be detonated only by
very strong initiation such as wet nitro-
cellulose. DNT, and ammonium nitrate.

Note: The above listed items are repre-
sentive only and do not include all

in any one class.

It is to he recognized that factors such as
container, whether item is Assmhled to other
coimponents. etc, aftect its classification. An
item may be in one class while In one c-ndi- LESS THAN low) LBS. OF EXPLOSIVES
tion, yet fall in another under different con- DEMOLISHED TillS EARTH COVERED
ditions, A gOIHt example Is that of (1.0075 IGLOO.
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he awoiflpel. Fa~ilure tit oh-wrvp thi% prv*ci'- tial tp reqiqt .sh'ck wave. fl '.IAL effet.
tion bas Ibown the woqrce off major f'xpl1.li,.nA and atirb mi.aid..4 prvslucrd toy the~ quantity

'Pr of which in recent years cio.t a 1)01) off exploosive involveil. Such prviteciiin re-
activity one fatality, multiple. persiinal in. iquirvi a natural hill for dirt mounul. or heavy,
juries and property damage exceeding * hic, deeply anchortui artificial structure.

$2.d%)OO~J.b. The barricade must be sufflciently near
explosive site to affor"! protectitin within a

3.-5. San4cod*., A barricade in munitions 30') angle from explosive Manx center, thus
terminology is either a natural or artificial height of barr.cade will vary in proportion
barrier between two explosive sites, or be- to its distance from explosive massx, bu' ;n
tween one explosive site and nearby build- every case it must be at least higher than the
ings. Its object is to limit in a prescribed highest point of explosive. No barrier less
manner the damage from an explosion at one than three feet thick at its .'ighiest point will
site on the other site. To accomplish this suffice. Generally, barricad.-s should be lo-
objective, certain requirements must be met, cated as near to the explosive site as prac-
for examp'e: tical, but not nearer than four feet to edge

a. Barricades must be sufficiently substan- of the nearest explosive stack. This sepa ra-

DEBRIS AND RL'1BLE FROM EARTH COVERED STRUCTtUr. DFMOLISIIED BYz
EXPL~OSION RE.SULTING FROM INCOMPATIBLE STORAG. NOTE REMAINS OF

12 ONCRETF WA'LLS IN BlACKG.ROU'ND THIROUGHI TREES. RUBBLE IN .srREEr
Is PRINCIPALLY FRAC.MEN'rED CONCRE717F
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tion gives venting 4pace in event rof explj- atmmpher.senntainn expl,,ive tal dusts
Min, such as: aluminum, magnesium, zirconium.

c. Barricades are commonly used to .hort- Iryllium, vdium, lithium, chlorates, per-
en distance reluirements between two explo- chloraten and certain oxides.
sive buildinm'. or sites, and occasionally are (3) r rus ItI is for use in atnnspheres
used to giv,- additional protection for espe- where explosive fiberous materials are sus-
cially hazardous operations. They will not pended in air such as found ;n yarn mills.
be used to reduce distances where fire haz- b. Explosive requirements are normally
ardous materials are involved: for example, satisfied by Class I and Claw 11 equipment
Class 2 materials and items. They will not when appropriate groups are considered. At-
be used to lessen distance of Class 9 mate- mospheres containing flammable/explosive
rials from off-site exposures when quai tities vapors of alcohol, acetone. etc., are satisfied
exceed 250,000 lbs. by Class I, Group D, while atmospheres con-

taining ether, ethylene and trimethylene
5-6. llectricol Equipment for Hazardous Loca- require Class I, Group C. Atmospheres con-
lons. taining hydrogen gas necessitate Class 1.

a. Experience and experiments have con- Group B equipment. Acetylene atmospheres

clusively demonstrated that the arcing of require Class 1. Group A equipment.
conventional electric motors, switches, broken c. When the princiial hazard involved is
light bulbs, and shorted exposed wiring can dust, Class II. Group E is appropriate. When
ignite flammable/explosive laden atmospheres both dust and vapors or fumes are present.
under proper conditions. Such atmospheres equipment approved for both exposures is
are common in rooms or bays where mixing, required; for example Class 1. Group C or D.
pressing., casting, cutting, machining, etc. of and Class 11, Groups E and F. Such equip-
propellants and explo ives take place. In- ment is available for most jobs; howe-!r, .he
gredient handling and processing in rooms cost is appruximately 5 to I over., oven-
where alcohol, acetone and ether are mixed tional equipment. Equipment for Class I,
and pumped, and rooms v here oxidizers are Groups B and A exposure is difficult to ob-
pulverized and screened produce flammable/ tain and quite expensive therefore, where

explosive atmospheres. To prevent electrical exposure warrants Class I, Groups A and B
facilities serving as an ignition source in fixtures, indirect lighting and power sources

such locations, special equipment has been are utilized. In some cases pneumatic oil
designed, tested and proved, and is desig- driven motors are substituted for electric
nated "explosion-proof." Such equipment is motors. An alternate method substituted for
designed for specific hazardous areas and is approved items on tare occasions is to totally
so indicated by label marking on the equip- enclose or "house-in" equipment, and provide
ment. Hazardous areas have been divided positive pressure inside closure with an inert
into three classes with appropriate subdivi- gas. The Air Force does not approve of such
sions therein referred to as groups, contrivances. AFM 32-6 cites the National

(1) Chas I equipment is for use in Electrical Code as the authority for electrical
areas where the hazard existi in form of a equipment in hazardous location on Air
gas, vapor or fume. Under this class are sob- Force installations. Article" 500-510 of the
divisions Group A, Group B, Group C and Code discuss such equipment.
Group D. Explosives operations may involve
all three groups. $.7. Slti Electridiy.

(2) Class I1 equipment is for ue in
areas where hazard Is in form of dust. Sub- a. The dangelr of static electricity acting
divislon are Group E, Group F.anal Croup G. as an igknition source wa. a controversal sub-
From the explosive standpoint, we aro in- Ject for many years hut now. is a generally
tereqtvl only in Group E which Is for acceptett favt, The acceplaut'e of this ltact
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has rqult-o fr,,m cause 5ndinW% in the in- matprial. There are numer,,us r. -" where
v,-tifaticins of fires and explosifns occurring, this has happeni.
in expl,,ive plants, hospital .urgical rooms C. This phentmena has fed to the %tanulard
And the chemicals iodustry. It has lead to pradice of grounding all piping, b.Iting and
te ".tahlishment 1f tatic di.ssipation meL- machinery, etc.. where dangerous atms-
ures either L.y gro.unding or humidity control. pheres may develop. Many operations are
"The generation of static electricity is not of additionally prrtected by use of conduztive
itself a hazard. The hazard arises when flooring, and providing workers with con-
satic is allowed to accumulate, for subs- ductive sole shoes.
quently it may discharge as a spark across
an air gap in the presence of highly flam- Neasparing tools.
mable material, and thus produce a source
of ignition." (Note. AF1 32-6.) a. Sparks generated by the striking of fer-

b. Static electricity is generated when two rous tools against concrete or against steel
poor, or nonconductors are brought together machinery, piping, etc., not only possess
then separated. Liquids, particularly hydro- flame but high temperatures also. Although
carbon base solvents, generate static when these flames and high temperatures are of
they flow through rubber piping: the move- momentary duration their action can be
ment of rubber belting over rapidly turning compared somewhat to that of a sparkplug
pulleys creates static and the contact and in a flammable/explosive atmosphere. To
separation of synthetic fibers is a highly prevent sparks of this nature, tools possess-
generative method. Clothing of synthetic ng nonsparking properties are employed

materials r-ibbing agaiiist a person's body around exposed explosives and in explosive
as he moves generates static also,. laden atmospheres.

e. All are familiar with the shock experi- b. the term "nonsparking" is controver-
enced after siding over nylon or rayon seat sial and can be misleading. For one thing
covers in an automobile then quickly touch- most metals hard enough to serve as tools
ing a grounded objct Most people are also can be zr. e to throw off red-hot particlesif held lung enough against a high speed
aware that the shock is more intense on a grindng wheel. These are not true arcsdry windy day and that on a rainy day no trn~gwel hs r o reac
shc mandyay fltn from 'riction but heated particles worn away
shock may be felt. by grin-ing. Only tools made of high car-

d. Many factors affect the static voltage ben content steel will consistently produce
output such as the conductivity of materials, sparks when in normal use by workers.
air humidity and rate of materials move- These should not be used in the presence
ment. Tests have shown that rapid fliv of open explosives. Other tools with satis-
of petroleum products through a 2 in. :yn- factory strength and rigidity properties are
thetic rubber hose can produce static of sev- available for work in such areas which offer
eral thousand volts. The movement of ones minimum sparking potentials. Among such
body when wearing nylon clothing in a dry tools are beryllium alloys, alluminum, mag-
room creates static charges of several him- nesium and nickel alloys, and alloy combi-
dred volts. If the moisture is raised the volt- nations such as K-,Monel.
age drops, and if the clothing is changed to c. Scrapers, puddlers, dippers, and similar
cotton it becomes practically nonexistent tools made of plastic, teflon, aluminum, cop-

e. Static is dissipated or bled-off to ground per, etc.. are often satisfactory for purposes -

through conductors or through moisture In they serve, It Is recognized that these may
air. If.tllowed to build up then arm to $ground, not be true nonsparkinz in a technical sense:
high temperature and flame are momentarily however the potential of a spark from such
produced which can ignite highly sensitive tWIs in the hands of a ear,,ful worker, being
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of much magnitude am to create a hazard is wx pl'iyed whi. str.am of water flowed over
remote as tip be incon.nauential. nu4.

d. There are methods for safe use of spark (2) In one cas e a broken gamAine line
producing tools in emergency situations under roncrete allowed gasoline tp saturate
where hazardous atmo.4pheres cannot lie earth and penetrate concrete joints. A dike

cleared. Examples of known cases satinfac was built around the area, filled to three
torily handletd under emergency conditions inches of water and jack hammer used to
are, break concrete.

(I) A ruptured ste-l pipe required cut-
ting, threading and splicing. Convention, Such measures as above should be resorted

pipe tnoLi were used with stream of water to only when emergency circumstances such

flowing on cutter and threading dies. One as leaks develop and area cannot be purged,

case required large Stillson wrench on cou- and special nonmparking tools required for

pling nuts-Conventional wrench was em- safety are not available..
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Chapter VI

AMMUNITION AND EXPLOSIVES D3OSAL

6-1. Reconditioning Or Destruction of Ammu- det'mnate and generate a shock wave and pro-
niflon and Explosives. duce missiles.

c.. Destruction sites are generally of two
The nature, characteris'Ics and quantity types; one for materials that normally burn

are normally the governing .ctors in estab- (burning ground) or deflagrate at worst, and
lishing methods for either .he reconditioning one f&r materials that may be expected to
or destruction of ammunition and explosives* detonate (demolition ara) or go high order
In many cases it is desirable to recover or such as Class 9 or 10 materials. When there
salvage items, components, etc., which have exists the necessity for both types of de-
further use and value. For example, the struction sites, they should be located a mini-
brass and other metal recoverable from car- mum of 2400 feet apart if they are to be
tridge cases has appreciable value. Shell and operated concurrently. If they are to be op-
bomb casen are often reclaimed and, occa- erated alternately, *!.t distance may be re-
sionally, high explosives such as TNT may duced to unbarricaded missile distance.
be melted out of shells and bombs, reworked d. Different type materials require differ-
and used again. Solid propellants are often ent destruction and disposal methods. Nor-
reworkcd and placed in service again, mally, black powder and most pyrotechnic

a. R4 working of munit.'ons and explo.ives materials can be leached out and destroyed
general y requires specific buildings, tooling by water. Large quantities are frequently
and fa'ilities, for the processes involved are burned: however, burning is a hazardovis
neither simple nor safe. Barricading, shield- operation that requires special care and ex-
ing, and remote controls are generally em- treme cautio:a.
ployed; quantities are restricted; and care- e. Solid propellznt&. both "nitro" and com-
fully developed step-by-step procedures are pasite types, are usually destroyed by burn-
followed. Programs for the rework of muni- ing. Bulk high explosives such as NG, TNT,
tions should be carefully developed, facilities nitrated ge!atin and nitroatarch are general-
engineered for the individual operation, and ly spread on wet excelsior or paper in open
carried out under the supervision of a tech- pits and buirned. Ignition of such materials
nical specialist, is done remotely by using a slow burning

b. Sites and methods for explosives de- fuse or electric squib.
f. Items that are to be destroyed by detnna-

struction should be carefully selectedl and tion. or that normally do not burn but Vo
evaluated. In rn cea should sites be selected high order, should be placed in pits and coy-
within 1800 feet of other operations or In- ered with dirt. The oper7.tor initiates de-
habited buildings and then only if pits or struction from his proteclive shelter using
similar aids are used to limit misile dis. an electric blasting cap o- detonator.
persal. Normally, the distance between de- C . Burning and demolition grounds should
struction sites and other activities, opera- |* kept clear of fre flammable material
tlons, etc., should bo a minimom of ' 210 feet, such as paper, grass and wood rubhish,
particularly If materials may be expected to Arena should he provided with plenty of29
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water and fire ho-s. fir. extingUiAher. tole- %,me inirrfients Anil waste products sre
phone service, emerieney frsi aid itAms. and highly toixic, water contaminaltA, will n4
in o e cam' fire tracks and. ambulances. burn, explode, nor chpmically dectimplte
Areas should be fenced. placarded and ad- ez.zilk'. They pime special dispsal prfbl,,m
mission thereto c,)ntrflled. It is af., deira- and may require burial at sea.
ble to, have a magazine nr ,ther suitable .t)r-
age facility nearby (appropriate Q-D) to 6-2. Special Material Dettrvction, In summary,
store materials and items awaiting destruc- most expl-sives and propellants can be suc-
tion. Only alert well trained operator. under cesstully and safely destroyed either by
qualified supervision should be permitted to burning or demolition. Small quantities of
work at burning and demolition grounds, special materials may be destroyed or neu-

h. Liquid propellants are frequently de- tralized chemically. A few materials in large
stroyed by burning, sometimes by chemical quantities require burial at sea. Technical
decomposition and, in some caies where dis- guidance is available for personnel required
tance and soil formation permit, by burying. to deal with special or abnormal materials.
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Chapter VII

BASIC SAFETY REQUIREMENTS FOR OPERATIONS
AND PRACTICES WHERE EXPLOSIVES ARE INVOLVED

7-1. Explosives sites, operations, and star- producing tools and equipment should be
age should be enclosed in climb-proof fences avoided whenever static sensitive mrateriais
with placards conspicuot~sly p'sted on fence are in an exposed state.
to wlsrn of danger. Entrance gates should be
either locked or man-ed.

7-2. Smoking within explosive areas should
be permitted only at desigrated rigidly con-
trolled points. Smoking areas should be .
equipped with electric or s.'.ilar'type light- _

ers water contained butt cans, fire extin-
guishers, and properly policed at all times.r
7-3. Matches, lighters, and other spark pro-
ducing items shoud not be permitted in
explosive buildings except when approved in
writing by the fire and safety departments.

7-4. Repair or maintenance work on explo-
sives buildings or equiprmcnt shcuz!d not be
permitted until a work permit signed by the REUT OF IE WHN OC T
building supervisor and safety department MO RIG TE AN BU ED U-
is issued. The permit should state special ING SAWING OPERATION. SAW~S WERE 0
precautions, protective devices. and restric- SEILSELALY U AT
tion3 necessary. EXPOSED TO MOTOR BURNED TO
1-3. Explosive buildings should be con- DUST. A DELUGE SYSTEM WOULD
structeli of flame resistant materials. inner iKAVE -MINIMIZED $100,000 LOSS.
wall finishes should not absorb or trap ex- 4

ploiv vpos r oss~7,10. Exlsv bays employing strong walls
7-6. Buildings housing explosives or explo- (12' or more of reinforced concrete) should
sive operations should be provided with light- have one weak wall and blowv-off type roof
n nR protection, to quickly release pressure in event of ex-
7-7. Electr-tc lightn. switchps. motor, and pcii
other arcingl ele trical nppliances used In the 7-10. All above grvund piping suci, as gas,
pre~sene of. or near, exposed explosivi-s Air, water, and steam which enter% explo-
should *,w explosion-proof. sives buildings should be grounded outside

7-4. All metal prwusting machinery and nuilding4.
equipment around explosives ihould be 7-11. Exhaust systerr pipingr should have
groundt'd. The u,,%.41 of nonconductivo static smooth Inaner sutfacer Andl bo deigned to
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avoid the build up of (lusts ani vapors within e.Iuippedf with n,ntrtola anti closed circuit
the piping. Foed draft by jet principle TVs. for other AalisfuAtry vie'wingf means.
employing non-return haffi'.s shouIld he em- -2Aiesadpsawy holtw-kt
ployed when prcial.free of any impedliment that offer delay to
7-12. Air condlitioning and circulattinicequip. quick exit in event of emergency.
ment. of the closed system type will be de-
signed to prevent recirculation of explosive 7-23. Motorized equipment employ-4A ffr
contaminaced air, ur the entrapment of' ex. handling explosives should meet Atl require
plosives in the sys'er. ments established in AFM 3 2-6 and T.O.

7-13. Overhead positive feed hot air is the 1 -- 0
preferred type of heat for explosive rooms 7-24. All operators of motorized materials
or bays. When radiators are used, steam handling equipment carrying explosives
pressure should not exceed 5 psi. should be specially trained and licensed-

7-14. Bays and rooms in which explosives 7-23. Explosives handling equipment such
are processed should be equipped with quick as trucks, trailers, tow-tractors, side loaders,
acting water driUge sy3telm. except when fork "ifta, hoists and cranes should be visu-
materials are reactive with water such as ally checked daily, and should be remved
lithium hydrid~e. from service when abnormalities involving

7-15. Self acting machinery and devices per- safe operation are discovered.
forming operations on critical or extremeiy 7-26. Dead end roads to explosive buildings
sensitive materials should be equipped with should be avoided.
three separate automatic cutoff controls.

7-1. Al dorsto xposie bys houd oen 7-27. Nonaparking tools are essential for
ou-war andr to exuipoe ways qul open safety when working in the preseiice of
outards (npadi hquppdwith) quic openig flammable/explosive dust or vapor atmnos-

relasdesi (anti-pagncyhrwr).opri pheres. They are not necessary when woik-
rapi exi in mergncy.ing closed packaged items, or when dusts or

7-17. Hazardous operations should be kept vapors are not present- Normally, cured
separated with adequate protection between, finished items do not release sufficient fumnes,
either by distance. barricades, operational vapors, or dust to build up explosive atmos-
shields, or walls, as appropriate. pheres.

7-18. Electric service lines of all types to 7-21. Protective sihields, barriers, and it-

explusive buildings should be run under- mote control stntiOnS should be utilized to the
ground from a point at least 50 feet away maximum practical degree.
fro'm the buildingt. 7-29. Good housekeeping is of utmost im-
7-19. All electric overhead power lines carry. portance - scrap explosives should be
ing 15,000 volts or more should be located promptly collected as it develops and moved
at ler~st '200 fed from explosive buildings. to an appropriate storage point. Explosive

7-70 RWith primniry and socondary overhrad waste collecting cans should be partially
powe trnsmisio lins crryig lss tan illed wvith water (unless scrap is reactive

15,000 vots shouldi be located at leost 50 feet inpencofmitr)ndktcls.
away from any explosives building, 7-30. Explosive items shouldl not be toast.A,

-21. Extremefly haza~rdous operattioni such droppAed, humed or otherwise roughly han-

as proptellant mixing. extrusion, Psom0 cast. fled.
inir, and machiIng oft propllanmt giraInn 7-31 A well organized. staffed aind sutwr-
should boo p.'rtormeft by remojte control with visvd. minntenanco anl cleanup proirrAn
opvritors huw.-es in; protectivo hiunkers shold~ ftinctltm conitantlY.
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7-32. Imprr~viq*,.d toolt, platforms, and (other 7-42. Showers and changfe h',os.4p nhtulsI lhe
tipe-atit~nal dlevices shopild not ha- p-ritteal. provided for workertemiplioyed in explosive-

tecniqes he. ettaects and clothing not inactual uso? shi,ultl
fW establis hed and rigidly adhered twih feleft in chnehoumm.,
promptly acctount for all Viols andl devices

whi.-h 'might e~nter processing equipment and 7-43. Jewelry, such a* bracelets, necklaces,
create a hazard. ear rings, key chains, wrist watches and

finger rings containig sets should not be
7-34, Hacks, Hda, cabinets, or shelves should worn while working with explosives.
be provided for atorage oif hand tooja when
not in use. 7-44. Loose-fitting garrnentxs sucih Rs open

7-3. Eploivequatiieswitin buldig. jackets, dan~ting P.,5 d flnwi ng ties
7-3. Eploivequatiieswitin Suldig. should not be worn around explosives ma-

bay, or at a work site, should be limited to chinery.
that essential for an efficient operation and ".Latctyepktsndufls r-
in no case should quantity exceed an S-hour 7-5Latctyepktsndcflstr-
supply. sers should be worn where open explosives

are present to avoid entrapment of explo-
7-36. Personnel and explosive limits placards sives in clothing.
should be posted in a conspicuous place in 7-6Asonprga shudbinefc
each operriigby to guard against ill effects to health of em-
7-7. Established procedures. should be de- ployees from toxic properties of' explosive
veloped for hazardous opierations and work- ingredie;.ts. Such a programn should provide
ers thoroughly indoctrinated in each detail. for physical examinations, showers, change
Established procedures should be readily house facilities, frequent change of clothing.
available at work site at all 'times. cleaning and sterilization of protective equip-

ment, industrial hygiene studies and other7-33. Each person. involved in explosive mprnures necessitated by nature of work and
work should be thorceughly trained for job; poete fmtras
know hazardoI1s properties of materials; how poete fmtras
4n guard against hazards; emergency proce- 7-47. Employees working where radiation
dures; and should be adequately supervised hazards may be present should he provided
to assure observance of precautions. film badges or other approved exposure re-

7-39. Workers sho~ld not be assigned to cording devices.
work alone when peorforming hazardous jobs. "a4. lncompetable chemicals or materials
A fellow worker should be nearby to give that may spontaneously react in aasociat.iun
assistance in event of emergency. with each other must he ke pt separated ex-

7-40. Employeces' clothing should be suitable cept in operational processes where controls
for the hazards. for example, emple(ee ae fwidd
workingr with open explosives as in mnixing, 7-49. Well developed emergency plans should
grinding, machining, etc.. %vl''h produce be in effect, and trial row's praceticed ire-
flanintbleexplosive vapor or dusts should quently cnotigh' to assure that each emploYe
be provided flame resistnt coverallq, head knows what !n do in case of emerwrey.
coverings and nonsparking or cinductive -0,Rglryconducted safety meetings

7-50. Rt'glwul
Ahouh! be held with All emp;oyoes to maintain

7-41, NecessAry personal pritective vquip. a high level of intferest. Mlany plants elffm-
ment such .is restpirators, glo-'ct, face shields, tively use thto supervisor's weekly "staind uip
aprons, and sthiot-o should be provided and safetv invetln'c" oft 5-10) mintes to dicus
workers reiluirvif to use them. pertinent 4afely matters.
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W% 7

PROPE.RLY ATTIRED EXPLOSEYK OPERATOR AT CONTROL PANFL FOR RE-
MIrKILY OPFRATED MIX ER. NOTIN CLEAN FLAME PROOF CAP. (;,OV K. POCKET-
LES 4. CUFFLESS COVERA1.lS, EYE PROTE(TIoN AND COND)UCTIVE SOLE SHOES.
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ALL THAT REMAINS OF A $100,000 ROCKET MOTOR THAT FAILED UNDER
STATIC TEST. STRONG WALLS AND BARRICADES PROTECTED OUTLYING STRUC.
T'URES AND OPERATIONAL PERSONNEL.
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CHRONOLOGY OF EXPLOSIVES DEVELOPMENTS
AND EVENTS

W4d Greeks used "Greck Fire" in a flamo'throwing device.
114) Chinese used pyrotechnic devices for amisement.
1254) Roj~er Bacon described ingredients and formula for black peowder.
1300 Berthold Schwarz invented a gun and propelled stones from it with black

powder.
1425 Black powder was granulated, enabling more standardized performance.
1523 The process of screening granulated powder began.
18&38 Pelouze prepared nitrocellulose by nitrating paper.
1846 Sobrero prepared nitroglycerin and described it as an explosive.
1863 Nobel began commercial preparation of nitroglycerin.
18W4 Schultze made first successful smokeless powder.
186.5 Abel purified and stabilized nitrocellulose.
1867 Nobel developed dynamite.
1868 E. A. Brown began series of developments that resulted in principle of booster-

explosive.
1875 Nobel developed blasting gelatin.
1884 Vieille invented Poudre B, first satisfactory smokeless powder for rifled guns.
1886 Turpin patented use of picric acid as a bursting charge for shells. Used by the

French under name of melinite, and by the British under namne of lyddite.
188 Nobel invented douhle-b~se propellant powder.
1889 Keisner and Abel developed cordite.
1898 U. S. Navy began manufacture of smokeless powder as gun propellant.
1900 U. S. Army began manufacture of smokeleqs pnwder -. gun propellait1t.
1901 Vigmon and Germn prepared and tested PETN.
1902 German), began to use TNT as bursting charge for shells.
1909 Diphenylamine was introduced as a stabilizer for smokeless powder.
1910 Ammonium picrate was adopted by U. S. as bursting charge for armor-piercingr

shells.
1918-1919 Lead azide was used 83 initiator, tetryl as a booster, and amatol as a bursting

charge.
1926 Goddard successfully fired first liquid-fueled rocket.

1920-19,15 RDX, Composition A, B. And C, PETN, DEGN. lead styphnate, NQ. Picratol.'
Haleite, Tetrytol, Tetracene. Tritonad Pentalite, Torpex and other explosqives
were developed; also, the shaped charge principle.

1912-1%14 German sciettts dv~elk-pedl and fired V-1 and V-2 rocket missiles.
19,10-1945S Development and use of small rockets by Army and Navy.
11950 -1955 Short rangre missiles were developed with study on intermediate to intercorti-

nental.
11954-1960 Age of intense effort it% develootment of solid and P~quild rocket motors.

11957 Space age begran with first earth orbiting satellite.
1959-I1%0 Outer Apace vehicle Eitveltopmeot.

1960 First orbital mann(4d flight around world.

NOTE: Early ulates are only appritoximate As varlus writers hav'e griven dlifferent dates.
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CHRONOLOGY OF EXPLOSIONS
The following is a list of dates and lications of some exploions that have occurred in-

volving large quantities of material.i. No attempt has been male to i-st the hundreds of
smaller ones which have accounted for thousands of lives and unaccountable property losse.s.

Quantity of
Explosive

DATE LOCATION (lbs.) Remark.i

17C9 Brescia, Italy 175,000 Black powder in storage
Aug 1886 Chicago, Ill. 162,000 Dynamite and black powder

in storage
Feb 1896 Johannesburg, South 110,000 Gelatin dynamite in storage

Africa
Apr 1z91.  Rome, Italy 570,000 Black powder in storage

Juy I- Z Highland Station, 398,415 Dynamite & black powder
Calif.

Sept 1905 Fairchance, Pa. 135,000 Dynamite and black powder
in storage

Oct 1907 Fontanet, Ind. 875.000 Black powder in storage
Mar 1908 Batuco, Chile 352,000 Black powder in storage
Apr 1910 Kobe, Japan 301,550 Dynamite and Gelignite
Mar 1911 Pleasant Prairie, 2,311,650 Dynamite &black powder

Wisconsin
Jan 1913 Vancouver, British 124,530 Hauling dynamite

Columbia

Mar 1913 Baltimore, Md. 600,000 Dynamite on ship
Aug 1913 San Antonio, Spain 1G3,000 Gelatin dynamite

July 1916 Black Tom Island, 500,000 TNT and picric acid on barges
New York in freight cars

Jan 1917 Haskell, 1'. J. 288,534 Nitroglycerin cannon powder
Apr 1917 Eddystone, Pa. 9 133 killed

June 1917 Steinfleld. Germany 5,500,000 Explosives

Dec 1917 Halifax. Nova Scotia 5,234,751 TNT, Picric acid and gun.
cotton on :5 ships

July 191$ Split Rock, New York - 50 killed

Sept 1921 Oppan. Germany 9.000,000 Manufacturing plant-
mixtures of ammonium
nitrate and ammonium
sulphate

Sep' 1912 Falciinra, Italy 3.'160,000 Explqoives

2 Attachment 2



APSCIR 127-1 28 F~bnuary 1964

Quantity of

DATE LOC AT 10N O110.) Remark.4

Oct 1921 Manilai, P. 1. 3 16,000) TNT, dynamite and black
powder

July 1926 Lake Denmark, N. J. 2,38SO,0()O 30 killed-TNT and other
explosives

Sept 1927 Witkowicz, Poland ,0,0 Explosives powder in storage

Sept 1940 Kenvil, N. J. - 49 killed

Mar 1942 Burlington, Iowa - 22 killed, high explosive

June 1942 Elwood, Illinois - 51 killed, HE loaded items

A:)r 1944I Bombay. India 2,000,000 High explosives oni ships--
unknown dead

July 1944 Port Chicago, Calif. 3,500.000 Loading ships with ammuni-
tion-320 killed

Nov 1944 Bu rton-on -Trent, 5,340,000 Explosives in storage
England

Nov 1944 Pacific (Mlount Hood) 5,300,000 Explosives on ships--
unknown dead

Dec 1944 Soisoons, France 6,000,000 Mixed explosives on freight
cazl

Apr 1947 Texas City, Texas 5,60)0,000 2 ships ammonium nitrate-
468 killed7'

Jan 1948 Savanna, Ill.. 294,000 High explosives in storage
July 1948 Kingsport, Tenn. 840,000 Nitrarn(n-Quarry blasting
May 1950 South Amboy, N. J. 840,000 Dynamite and other explo-

sives in railroad cars--31
killed

Mar 1953 Lewis, Indiana 241.000 Ammunition in rail transit

July 1960 Indian Head, Md. 165,000 Solid propellant and pro.
pellant ingredients

The Nitional Fire Protection~ Associaition has a listingt of 2952 persons killed in accidental
explosions from 1930-1912 hut stittes this number is only about 10's of total estimated ilead
from explosions lurinir this 2:3 yir period.
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